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Abstract 
This paper presents a new control strategy combining the direct torque control of induction motors with the dual 
bridge matrix converter, and gives the modulation algorithms of dual bridge matrix converter rectifier and the method 
of inverter direct torque control. This control method can realize the direct torque control of induction motors with a 
good dynamic performance, but also get good input current waveforms and adjustable power factor. The simulation 
results show the validity and feasibility of the proposed control strategy. 
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1. Introduction 
Matrix converter is a "green" direct conversion type device which provides AC - AC power conversion. 
The characteristics superior to the conventional pulse width modulation (PWM) inverter are two-way flow 
of energy, sinusoidal input and output currents, controllable input power factor, small size and so on [1]. 
The matrix converter can solve pollution sources problems of the power system fundamentally. Dual 
bridge matrix converter is a new type of power converter developed on the basis of conventional matrix 
converter, which not only has the excellent performances of conventional matrix converter, but also 
overcomes the problems of large clamp circuit, current converting, complex control which exist in the 
traditional matrix converter [1-3]. At present it becomes one of the power converters which has 
development potential. 
Direct torque control of induction motors is a new type of high-performance AC frequency conversion 
speed regulating control technology developed after the vector control technology. It develops rapidly 
with its simple system structure, good dynamic and static performances. Under the condition of flux 
amplitude constant, direct torque control controls the torque of AC motors to gain high dynamic 
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performances of torque by adjusting the rotation speed of stator flux in the space, using discrete two-type 
regulator to generate PWM signal , and controlling the state of the inverter directly. 
In order to achieve better transmission performances of induction motor, and to meet the requirements 
of power grid qualities, this paper presents a new modulation strategy combining the dual bridge matrix 
converter with direct torque control. Making full use of the good performance characteristics of matrix 
converter, how to realize the high-performance AC speed regulating of motors under the condition of 
working at high speed is researched on. Simulation results show that the proposed modulation strategy is 
feasible and effective. 
2. Strategy of dual bridge matrix converter - induction motor direct torque control 
A dual bridge matrix converter is composed of the rectifier and inverter, 12 IGBT being needed, but no 
filter components in DC side[4], which can be seen from the dual bridge matrix converter topology graph 
1. As the inverter part of the dual bridge matrix converter is consistent with the traditional inverter 
structure, it can be considered that the direct torque control method on the traditional inverter be improved 
to be transplanted to the inverter part of the dual bridge matrix converter to meet the requirements of load 
output; meanwhile, the original modulation strategy of dual bridge matrix converter rectifier should also 
be modified to ensure the quality of power grid input. 
A. Direct Torque Control of Inverter 
We must know the value of the output voltage to estimate the stator flux. In the conventional direct 
torque control method, the input side of the inverter is connected with DC voltage storage capacitors, so 
the input of inverter can be approximated as a constant DC voltage. Therefore, the output voltage of 
inverter is determined when the inverter switch state is certain. 
 
Figure 1.  Topology of the 12-switch dual bridge matrix converter 
Without intermediate DC voltage storage capacitors, the rectifier of dual bridge matrix converter 
rectifies three-phase AC input power into pulse DC. Therefore, the inverter input of dual bridge matrix 
converter is a pulse DC voltage. To get the output voltage, In the system of dual bridge matrix converter 
combined with induction motor direct torque control, the method of estimating the output voltage by the 
input voltage can be used. The topology of system switch used for voltage estimation is shown in Figure 2. 
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Figure 2. Simplified topology map of system switch used for voltage estimation 
As shown in figure 2, aprS and anrS  express the switch states of Ua-phase under the bridge arm 
and leg is 0 or 1, and the expression of other states by the same logic. 
Intermediate DC voltage dcU is  
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Substitute equation (1) into equation (2): 
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Equation (3) is the output voltage estimation formula, so the output voltage of system inverter can be 
obtained by equation (3). Therefore, system inverter control method is very similar to traditional direct 
torque control method. 
Similar to the conventional direct torque control system, the control strategy of inverter of dual bridge 
matrix converter controls the speed and flux of induction motors separately. The output of speed regulator 
is as the given value of electromagnetic torque, and torque and flux regulators both used bang-bang 
controller. The difference is that the stator flux is controlled by a two-stage hysteresis regulator, while the 
torque is controlled by a third-order hysteretic regulator, as shown in Figure 3, Figure 4. 
 
Figure 3. flux  regulator 
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Figure 4. torque hysteresis regulator 
Based on the regulation scheme of hexagonal flux, in each flux interval, there are only two available 
voltage vector, as in Figure 5. Taking the flux in section 1 as example, if 0>Δ ψ  , it shows that the 
real flux is less than the given value. Then there are two options to increase flux vector, V2andV6. If 
TT ε+≥Δ , it needs to increase the torque, and the stator flux needs to rotate forward quickly, so the 
only choice is voltage space vector V2; if TT ε−≤Δ , the only choice is voltage space vector V6 to 
reduce the torque; if TT T εε +≤Δ≤− , the zero-voltage vector V0 or V7 should be selected, so that the 
stator flux is stationary. and the situation When 0<Δψ or other sections are similar. From figure 5, we 




Figure 5. Range dividion of inverter voltage 
Table 1 Switch state selection table of hexagonal flux  
ψQ TQ S1 S2 S3 S4 S5 S6 
 1 110 010 011 001 101 100 
1 0 111 000 111 000 111 000 
 -1 101 100 110 010 011 001 
 1 010 011 001 101 100 110 
-1 0 000 111 000 111 000 111 
 -1 001 101 100 110 010 011 
B. Strategy of Rectifier Control 
When direct torque control is used in the inverter of dual bridge matrix converter, the original dual 
bridge matrix converter rectifier control algorithm needs to be improved. The main goal is to make the 
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entire system meet the requirements of direct torque control algorithms and the power factor of grid-side 
current be controllable, and at the same time to make the intermediate DC to achieve the maximum 
voltage [4]. 
1)  Input current estimates 
In the control system of dual bridge matrix converter combined with induction motor direct torque, 
since the rectifier input current is not continuous and it can not be measured, the method of estimating the 
input current by the output current is used. The topology of system switch used for current estimates is 
shown in Figure 6. 
 
Figure 6. Topology of system switch used for current estimates  
From figure 6, we can see xxrS and xxiS indicate the switch state is 0 or 1. The output current can be 
expressed as the input current by the following formula: 
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 In strategy of rectifier modulation, during a modulation period, the state of the six switches of the 
rectifier that in the leg or arm under the bridge, that there are two switches opened at the same time, has 
not happened. Only the case that upper and lower leg each has a switch opened, as table 2 shows. The 
upper and lower leg in any state, only one switch on the bridge under the arm and a leg is "1". For 
example, when the rectifier is located in sector S1, and θQ is -1, switch status is 100 / 010, manifesting 
the bridge arm of A phase is open, and the bridge leg of B phase is open. Similarly, other switch states of 
direct short-circuit will not be appeared. 
Table 2  Table of rectifier control switch 
θQ S1 S2 S3 S4 S5 S6 
-1 100 100 010 010 001 001 
 010 001 001 100 100 010 
1 100 010 010 001 001 100 
 001 001 100 100 010 010 
Referencing the space vector modulation strategy of inverter, based on the average equivalent principle, 
the modulation strategy which rectifier used also enables the input AC current to be close to sinusoidal. It 
is similar to the principle that in strategies of traditional inverter space vector modulation, switch state 
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switches between the state of the two adjacent edges in a sector so as to achieve the PWM modulation. 
The corresponding theory in reference [1] has been proved and applied. 
2) The calculation of input power factor angle and power factor angle hysteresis regulator 
According to the input voltage measured and the input current estimated, the current power factor 
angle can be calculated. In MATLAB simulation, the voltage space vectors are 
2 4
3 32 ( )
3
j j
a b cU u u e u e
π π
∗ ∗= ∗ + +K  
Voltage space vector angle is 
( )a n g le Uθ = K  
Similarly, calculate the current space vector angle by this method, and then the angle between the two 
is the power factor angle. 
In order to improve the operating efficiency and to reduce operating time of the program, when 
realized in system, the method of look-up table is used. That is for different amplitude of sine wave which 
obtained by sampling, look-up table to find the corresponding phase angle.  
In addition to the direct control of flux and torque, this paper increase a power factor angle as the third 
control variable in the system. Power factor angle hysteresis regulator is shown in Figure 7, and the power 
factor angle is got from the output of two-stage hysteresis comparator. 
 Measure the input voltage, and then calculate to get the current input voltage sector, the division of 
which is corresponded to that of input current, as shown in Figure 8. According to the measured input 
voltage and power factor angle, and rectifier current interval division as shown in Figure 8, the rectifier 
switching state is selected. The state of the six switches in rectifier is shown in table 2. For example, when 
the rectifier is in the state as shown in Figure 8, the input current lags the input voltage, and the power 
factor is above the value given. The switch state is selected as 100/001, where numbers on the left of “/” is 
the state of three switches of the bridge arm, and numbers on the right of “/” is the state of three switches 
of the bridge leg. Then adjust the current space vector, the angle θ will decrease. When the input current is 
ahead of the input voltage, and the power factor angle is less than the given value, switch state is selected 
as 100/010. Then adjust the current space vector, the angle θ will increase. Switch state of other sectors 
can be obtained from Table 2. 
 
Figure 7. The power factor angle hysteresis regulator 























Figure 8. Rectifier current interval division 
3. Combination of the combined control system  
By the amount of flux switch, matrix switch moment 、flux position and the power factor angle, an 
appropriate matrix converter switch state can be correctly selected, thereby the speed of motor can be 
adjusted and controlled. The block diagram of direct torque control system of induction motors driven by 
dual bridge matrix converter is shown in Figure 9. In this figure,θ*、ω*、ψ*and T* are the speed of 
input power factor angle, stator flux magnitude, the given value of torque respectively, θ、ω、ψ、T 
are speed of input power factor angle, stator flux magnitude, feedback value of torque respectively. 
 
Figure 9. The block diagram of direct torque control system of induction motors driven by dual bridge matrix converter 
4. Simulation  
Based on the above strategy, this paper uses MATLAB to simulate on the direct torque control system 
of induction motors driven by dual bridge matrix converter. The load of inverter is a three-phase induction 
motor, and the parameters are: rated power 1.5kW, rated line voltage 380V, rated speed 1440 r / min, 
rated frequency 50HZ, stator resistance Rs = 1.38Ω, rotor resistance Rr = 1.40Ω, the stator leakage 
inductance LS = 4.15mH, rotor leakage inductance 4.15mH, excitation inductance Lm = 244.1mH, 
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moment of inertia J = 0.0143 kg • m2, the pole pairs number n = 2. Simulation uses the Discrete variable 
step algorithm, with the sampling period Ts = 1e-5s. Parameters settings of PI controller: Kp＝30, Ki＝
100, output limiting ± 300, loop width of power factor angle hysteresis modulator  0.01. 
Under the condition of high-speed, run the hexagonal flux program, and get the orbit of stator 
hexagonal flux as shown in Figure 10. From this figure we can see that the flux orbit is a hexagonal 
approximated much better. 
 
Figure 10. Hexagonal flux orbit 
Figure 11, Figure 12 are the speed and torque waveforms. As can be seen from the figure, it needs 
about 0.35 seconds for the rotation speed from 0 up to 1000 r / min, and the velocity overshoot is about 14 
r / min. at the moment of 0.46 second, the 30N.M load torque is increased suddenly. Then the speed 
decreases to about 2 r / min, and torque rose to 30N.M in 0.002 seconds, and torque pulsation is about 
4N.M. The system obtained a satisfactory dynamic and static performance. 
 
Figure 11. Speed waveform 
 
Figure 12. Torque waveform 
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5. Conclusion 
This paper presents a combination control method of dual bridge matrix converter for the speed 
regulation of induction motors. This control method with matrix converter can not only realize the 
induction motor direct torque control, but also reduce the grid harmonic pollution. The simulation results 
show that this control method makes the speed regulation system provide a good dynamic performance 
under the condition of mutations in the load.  
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